Abstract. Black holes are usually observed to be of stellar-mass or supermassive. By natural extension, there should be a population of Intermediate-Mass Black Holes (IMBHs: with mass between 100 to 10 6 M⊙) in the Universe; which has started to been observed. An exciting claim has been made recently by Silk (2017) : that early feedback by IMBHs in gas-rich dwarf galaxies at z = 5−8, can potentially solve multiple dwarf galaxy problems within the Λ-cold-dark-matter cosmology. We are performing Cosmological Hydrodynamical Simulations of (2M pc) 3 volumes, starting from z = 100, to test the case for IMBHs in Dwarf Galaxies. Black holes of mass 1000M⊙ are seeded inside halos when they reach a mass of 10 7 M⊙. The black holes grow by accretion of gas from their surroundings and by merger with other black holes, and consequently eject feedback energy. We analyze the simulation output in post-processing to study the growth of the first IMBHs, and their impact on star-formation. Our conclusions, based on numerical simulation results, support the phenomenological ideas made by Silk (2017) . IMBHs at the centers of dwarf galaxies can be a strong source of feedback to quench star-formation and generate outflows. At the same time, these IMBHs form the missing link between stellar-mass and supermassive BHs.
Introduction
Black holes usually come in two flavours: stellar-mass (M BH 10M ⊙ ), and supermassive (M BH 10 6 M ⊙ ). Naturally, there should be a population of Intermediate-Mass Black Holes (IMBHs) of masses between 100 − 10 6 M ⊙ . Analogous to supermassive BHs producing AGN feedback, the IMBHs should also have feedback. In this work we focus on negative BH feedback effects where star-formation is quenched.
AGN feedback mechanism has recently started to been observed in low-mass galaxies. Investigating the presence of AGN in nearby dwarf galaxies using mid-infrared emission, Marleau et al. (2017) identified 303 candidates, of which 91% were subsequently confirmed as AGN by other methods. The stellar masses of these galaxies are estimated to be between 10 6 − 10 9 M ⊙ ; and the black hole masses in the range 10 3 − 10 6 M ⊙ . Penny et al. (2017) presented observational evidence for AGN feedback in a sample of 69 quenched low-mass galaxies (M ⋆ < 4 × 10 9 M ⊙ ); including 6 galaxies showing signatures of an active AGN preventing ongoing star-formation.
The concordance ΛCDM cosmological scenario of galaxy formation presents multiple challenges in the dwarf galaxy mass range: e.g. core-cusp, number of DGs. Recently Silk (2017) made an exciting claim that the presence of IMBHs at the centers of essentially all old Dwarf Galaxies (DGs) can potentially solve the problems. Early feedback from these IMBHs output energy and affect the host gas-rich DGs at z = 5−8. This early feedback can quench star-formation, reduce the number of DGs, and impact the density profile at DG centers. Dashyan et al. (2017) studied the same problem analytically, and compared AGN versus SN feedback. They find a critical halo mass below which the central AGN can drive gas out of the host halo. This negative feedback effect of AGN is found to be more efficient than SN in the most massive DGs, where SN is not able to expel the gas. Here, we investigate the scenario that IMBHs are present at the centers of all dwarf galaxies, by performing cosmological hydrodynamical simulations. Our goals are to (i) test if IMBHs would grow at DG centers, and (ii) quantify the impact on star formation.
Numerical Method
We use a modified version of the TreePM (particle mesh) -SPH (smoothed particle hydrodynamics) code GADGET-3 (Springel (2005)). Radiative cooling and heating is incorporated from Wiersma, Schaye & Smith (2009). Eleven element species (H, He, C, Ca, O, N, Ne, Mg, S, Si, Fe) are tracked. Star-formation is implemented following the multiphase effective sub-resolution model by Springel & Hernquist (2003) , and chemical enrichment from Tornatore et al. (2007) .
BHs are collisionless sink particles (of mass M BH ) in our simulations. A BH (of initial mass M BHseed ) is seeded at the center of each galaxy more massive than a total mass M HaloMin , which does not contain a BH already. We test different values of minimum halo mass and seed BH mass in the range: M HaloMin = (10 6 − 10 7 )M ⊙ , and M BHseed = (10 2 − 10 3 )M ⊙ . The sub-resolution presciptions for BH accretion and kinetic feedback are adopted from Barai et al. (2014) , Barai et al. (2016) .
Simulations
We perform cosmological hydrodynamical simulations of small-sized boxes to probe dwarf galaxies at high redshifts. The initial condition at z = 100 is generated using the MUSIC † software (Hahn & Abel (2011) Cosmic⊙Time⊙(Myr) Figure 1 . BH mass growth with redshift of the most-massive BH in each run. The different colours discriminate the runs.
m gas = 6.43 × 10 3 h −1 M ⊙ . The gravitational softening length is set to L soft = 0.1h −1 kpc comoving. We execute a series of 10 simulations, with characteristics listed in Table 1 .
